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Flow Propagation Analysis
Computer or Eyeball?*
James D. Thomas, MD
Cleveland, OhioBlood flow throughout the cardiovascular system is
governed by the Navier-Stokes equations, a set of 4
coupled 4-dimensional (3 of space and 1 of time)
partial differential equations. Although these are
impossibly complex to solve analytically or even
with the most powerful supercomputers, there are a
number of places in the heart where simplification
of these equations allows important clinical and
research observations. The most commonly used of
these is the simplified Bernoulli equation in echo-
See page 37
cardiography, where—for flow across a fixed steno-
sis—the relationship between pressure (P) in mm
Hg, and velocity (v) in m/s, reduces to a single
simple equation: P  4v2. A more complicated
but related situation is flow across a normal mitral
valve, where there is no abrupt pressure change but
a gradual pressure gradient within the left ventricle
(LV). Here again, echocardiography offers key data
in the form of the color M-mode Doppler display,
a spatiotemporal map of flow velocity along the
echo scanline.
In 1992 Philippe Brun (1) described the use of
color M-mode Doppler echocardiography to visu-
alize flow propagation from the left atrium to the
LV. In a series of manuscripts, Brun et al. (2)
demonstrated that the velocity of the propagation
(vp) from atrium to ventricle was inversely related to
the ventricular relaxation time constant: the more
rapidly the ventricle relaxed, the more rapid the
*Editorials published in JACC: Cardiovascular Imaging reflect the views of
the authors and do not necessarily represent the views of JACC: Cardio-
vascular Imaging or the American College of Cardiology.
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Institute, Cleveland Clinic, Cleveland, Ohio. The author has reported
that he has no relationships to disclose.flow propagation into the ventricle. In the interven-
ing years, color M-mode flow propagation has
achieved a place (although not a dominant one) (3)
in the pantheon of parameters used to access left
ventricular diastolic dysfunction, but there has been
controversy as to just how to define the flow
propagation velocity. Initially (1), vp was proposed
to be the slope of the leading edge of the color
Doppler (black to dark red transition), but this is
often related to redistribution of blood within the
ventricle during isovolumic relaxation and not re-
flective of actual blood propagation from the atrium
to the ventricle (Fig. 1, yellow line). Later (4), it was
suggested to highlight a single contour within the
early part of flow propagation by setting the aliasing
velocity at approximately 30% to 40% of the peak
diastolic velocity of the E wave and measuring the
slope of that contour (Fig. 1, black solid line).
Normal patients typically have velocities 50 cm/s,
whereas those with diastolic dysfunction have
slower ones. Furthermore, the ratio of the peak
E-wave velocity divided by this vp provides a rea-
sonable estimation of filling pressure (4).
Into this arena comes new work from Stewart et
al. (5) in this issue of iJACC, where they propose a
more sophisticated analysis of the flow propagation
data. In this approach, they identify not 1 but 2
distinct slopes of flow propagation. The first of
these slopes is very close to what would currently be
identified as vp, whereas the second slope occurs
near the end of the inflow profile (in spatial terms,
usually near the middle of the ventricle), where the
flow propagation abruptly slows as it begins to
decelerate before reaching the apex of the heart
(Fig. 1, black dotted line, which is only approxi-
mate, because the sophisticated software used in
Stewart et al. [5] is not widely available). The key to
their method is to identify the spatial location
where this deceleration occurs, a point that they
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48how is closer to mitral annulus in patients with
iastolic dysfunction than in those with normal
iastolic function (Li), identified in Figure 1. Over-
ll, they demonstrate a modest slowing in vp as well
s a modest migration of the deceleration point Li
oward the mitral annulus as diastolic dysfunction
orsens. However, because both of these rela-
ionships behave similarly, by multiplying the 2
ogether (vp  Li), they achieve a new parameter
hich they term the strength of the propagation
vs), which displays a stronger variation with
rades of diastolic dysfunction than either of its
omponents.
With good experimental technique, they initially
eveloped this method in a group of 145 patients
nd then subsequently validated it in a separate
roup of 160 patients. In the validation cohort they
sed 3 different “gold” standards for identifying
atients with diastolic dysfunction: 1) a pulmonary
apillary wedge (PCW) pressure 18 (in 56 of the
60 patients); 2) a B-type natriuretic peptide (BNP)
100 pg/ml; and 3) a reduced intraventricular
ressure difference (IVPD) 2.2 mm Hg. Interest-
ngly, a side analysis of these data emphasizes just
ow frustrating the clinical assessment of diastolic
unction can be. When these 3 “gold” standards
ere compared against each other, they saw mutual
Figure 1. Various Deﬁnitions for Propagation Velocity
In this color M-mode display, 3 methods are shown for deﬁning ﬂo
uretic peptide (BNP) of 322. The yellow line deﬁnes the leading ed
reﬂects redistribution of ﬂow within the ventricle during isovolumic
deﬁning an isovelocity contour by baseline shifting the aliasing velo
additional propagation velocity (black dotted line), so they can ide
LA  left atrium; LV  left ventricle; MV  mitral valve; vp  veloclassifications that were little better than a flip of ehe coin: IVPD versus BNP  57%; PCW versus
NP  55%; and PCW versus IVPD  65%!
The IVPD is a particularly interesting parameter,
ecause it uses a more comprehensive analysis of the
ransmitral color M-mode flow data to calculate the
ctual pressure drop between the base and the apex
f the LV during early diastolic filling, a phenom-
non that can rightly be termed diastolic suction. By
ssuming that flow along the Doppler scanline is
ctually a streamline of flow, it is possible to
stimate the pressure drop along this line by apply-
ng the Euler equation, which is essentially a
-dimensional simplification of the Navier Stokes
quations and can be thought of as a distributed
ersion of the Bernoulli equation. Indeed, the
easurement of the base to apex intraventricular
ressure difference has been well-validated in a
anine model (6), in patients undergoing septal
yectomy (a particularly challenging geometry for
his type of analysis) (7), and in patients with
ilated cardiomyopathy (8). It has been applied to
atients undergoing alcohol septal ablation for hy-
ertrophic cardiomyopathy, demonstrating that the
mprovement in IVPD correlated with improved
ymptoms in these patients (7). The IVPD concept
s not confined to diastole, because it can be applied
o the left ventricular outflow tract during systole to
ropagation velocity in a heart failure patient with a B-type natri-
f the ﬂow propagation (black to dark red transition), which often
xation. The black solid line reﬂects the common method of
in the display. Stewart et al. (5) use their method to deﬁne an
the inﬂection point (Li) where ﬂow decelerates in the ventricle.
f the propagation.w p
ge o
rela
city
ntifystimate the ejection IVPD, which has been shown
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49o closely match invasive indexes of systolic func-
ion (9).
Returning to consideration of Stewart et al. (5),
ne might question the need for a new, numerically
rocessed assessment of the color M-mode flow
ata. What will it add to the simple manual
stimation of vp or the more definitive calculation of
VPD via the Euler equation? First, one should
ecognize that IVPD and the new parameter vs are
uite different entities. Although Stewart et al. (5)
ave shown differences in vs between grades of
iastolic dysfunction in resting echocardiograms,
VPD shows its greatest difference during exercise.
n a study of normal subjects and those with heart
ailure, there was no difference in IVPD at rest, but
he ability to increase IVPD was the best predictor
f maximal exercise tolerance (10). This finding was
onfirmed in patients with hypertrophic cardiomy-
pathy in a study that demonstrated the close
onnection between ventricular untwisting and the
VPD (11). Indeed the importance of augmented
VPD (diastolic suction) during inotropic stimula-
ion of the heart was demonstrated nearly 20 years
go by Little (12), senior author of the current
ork (5). Thus, vs and IVPD seem to give comple-
entary information, and a method to estimate vs
ould seem a worthy goal. A bigger issue, however,
s whether the considerable computational chal-Cardiol 1997;29:448–54. able assessment of lomparison with simple manual measurement of vp,
hich can be done in a matter of seconds with any
chocardiography review software. Before this
uestion can be answered, it will be necessary for
he method of Stewart et al. (5) to be tested in other
aboratories both for feasibility and utility. If its
alue can be shown in this setting, then what
emains is for echo vendors to implement the
lgorithm within their review software. Although
his would seem to be a reasonable expectation for
ny validated algorithm, echocardiography software
evelopers have been surprisingly slow to imple-
ent automated analyses of color Doppler data for
ny purpose, whether it be to calculate the IVPD, to
nalyze the proximal convergence zone in valvular
egurgitation, or even something as simple as cal-
ulating stroke volume from color flow in the left
entricular outflow tract. Although this writer
opes that vendors will implement the vs algorithm
o allow widespread testing, ideally this would as be
art of a comprehensive suite of validated color
oppler algorithms that exploit the physics of
ntracardiac flow to greatly expand the quantitative
otential of echocardiography.
eprint requests and correspondence: Dr. James D.
homas, Cleveland Clinic, 9500 Euclid Avenue, Deskenges of measuring vs are worth the effort in J1-5, Cleveland, Ohio 44195. E-mail: thomasj@ccf.org.1
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